Objective: to assess the effectiveness of using different input devices for computer access by children and adolescents with cerebral palsy and to verify the relationship of performance with age and level of motor classification. Methods: the study included 14 children and adolescents with cerebral palsy, aged 6 to 14 years, with Gross Motor Function Classification System (GMFCS) and Manual Ability Classification System (MACS) levels from I to V. The participants' performance was observed during the use of touch screen, conventional mouse and eye tracking mouse in performing specific tasks with softwares Discrete Aiming Task 2.0, Tracking Task 2.0 and Single Switch Performance Test (SSPT) 1.0. The following variables were analyzed: response time, frequency of errors, mean time to activate input devices, relationship between satisfaction with input devices and motor skill level. Results: results indicated significant differences in response time, frequency of errors, and triggering mean time depending on the input device used, and correlation between the motor ability level and satisfaction, using the device, and between the level of manual ability and satisfaction with the mouse. Conclusion: the eye tracking mouse and the touch screen were the most effective devices during the execution of tasks on the computer by study participants.
INTRODUCTION
Computers have been highlighted as important assistive technology devices (AT) as they enable enhanced participation of children with severe motor and communication impairments at school, in daily leisure and social life activities [1] [2] [3] .
Paradoxically, computers are under-utilized by these individuals, despite a wide range of available AT devices 1.4 . In addition, school-aged children with cerebral palsy (CP) spend less time on computers than children with typical development 4 due to difficulties in accessing computers: (a) lack of knowledge about available resources; (b) few trained professionals to use the devices; (c) lack of resource funding for this population; (d) complexity inherent to their condition, (e) inadequate assessments; (f) lack of follow-up 1 .
Although conventional interfaces for computer access, such as mouse, keyboards or joysticks are difficult to control 5 , people with motor impairment in the upper limbs still use the conventional, standard technology 6, 7 .
A variety of interaction methods and devices are currently available to improve physical access to computers; however, some barriers persist to using these technologies: insufficient funding, lack of staff training, negative attitudes in school, and high cost 8 . Moreover, it is necessary to develop computer interfaces that meet the needs of all individuals, that is, technology that accommodates a diversity of needs 9 .
Davies et al. 6 interviewed young people with upper limb difficulties due to CP, and identified that most of them prefer the conventional mouse to access computers rather than the hand for cursor movement and finger click for target selection. The study suggested that there are a number of reasons why young people with CP use the conventional or modified mouse, which include the lack of assistive technology provided in an education setting and fewer restrictions at different access points. Therefore, the more pragmatic decision is to use a conventional mouse in all locations.
Controlling the mouse requires users to have precise movements. Even people without disabilities cannot use the mouse perfectly without errors or additional tests at their first time. To access files on the computer with the conventional mouse, one must perform the tasks of point and click. Performance on these tasks is hampered by many factors, including fatigue, precision, position and hand-eye coordination 8 .
By using the conventional interface, a disabled person often needs to adopt inadequate posture patterns that increase their physical wear and tear. Thus, these users point out that although the computer increases their independence and control of activities, the effort to use this technology is sometimes greater than the benefits it brings 7 .
On the other hand, developing software to improve the accessibility of input devices for disabled users in the upper limbs has been a concern. Recently, touch screen, switchers by body interaction and voice access devices have been incorporated into cell phones and other devices based on technology such as Microsoft Kinect 4 . Kinect is a motion sensor that allows access to games, Xbox consoles, without the use of controls or joysticks.
A study of a rehabilitation program of computer access with the use of a switch with six children with cerebral palsy who were unable to use the traditional mouse found it to be adequate and accessible. All children increased participation in the intervention phase and generalized to their home activities 10 .
Access to the computer through touchscreen technology has increased and improved in relation to sensitivity and availability over the past decade. However, for individuals with severe physical disabilities, these devices seem to remain largely inaccessible. Users with disabilities have reported usage limitations, especially regarding alternating controls and stored gestures; the adjustment of the click time, the inability to toggle or adjust the sliding functionality, the impossibility of modifying the location, size, shape and orientation of many buttons and toolbars 11 .
The latest computer access devices are based on webcams or infrared sensors. This type of interface seems to be a more natural way of pointing, in the same way as people tend to look at the object they want to interact with and do not require any bodily contact from the user. In these approaches, the system can control either the head movement, or the movement of the pupil in relation to the head. Other approaches do not use video images but detect user intentions by measuring cornea-retinal activity or by biological signals such as electroencephalographic activity or muscle activity 5 .
Many questions have been discussed regarding eye tracking and head tracking devices. The clinical training and the ongoing support required for this technology to support communication needs over time are yet to be understood, information is insufficient on how adverse environmental conditions affect the stability of the technology and the performance of the physical requirements of the long-term use of these systems, and how much time per day these individuals can spend using this technology to support their communication needs and computer access 12 .
In a study carried out with two students with cerebral palsy of athetoid type concluded that the camera mouse, computer access device through the head or face movements, was advantageous in relation to the use of a computer access device through eye control. As for the device with the eye control, due to involuntary movements, the participants continuously moved out of the capture field, which hindered performance 13 .
Another study carried out with seven students with cerebral palsy, aged between 5 and 15 years, who needed full assistance in all activities at school indicated that the use of a computer control device by gaze associated with a communication software may favor inclusion, and the students were able to control the computer and express themselves. However, the drawbacks pointed out by the teachers included the time to learn to control a computer by gaze and the individual adaptations to be made for each student 14 .
A study investigated the impact of computer control technology by gaze at the daily activities of children with severe motor and communication impairments. The research concluded that this type of technology had a positive impact on the repertoire and the opportunities for activities 3 .
To this date, the process of selecting a computer access device has been carried out by trial and error due to the lack of a valid predictive model to direct this process. In this context, the purpose of this study was to assess the effectiveness of using different input devices for computer access by children and adolescents with cerebral palsy, and to verify the relationship between performance with different devices and age and level of motor classification.
METHODS
A study with a quasi-experimental methodological design with a convenience sample. The project was received by the Research Ethics Committee of the Faculty of Philosophy and Sciences -UNESP Marília, SP, Brazil, and approved under number 0957/2014.
Participants
The study consisted of 14 individuals, children and adolescents diagnosed with cerebral palsy, 10 males and 4 females, aged 7 to 14 years ( Figure  1 ). The inclusion criterion was: clinical diagnosis of cerebral palsy, without visual alterations that prevented performing the activities, understanding the commands to perform the tasks and being a computer user. All those responsible for the participants signed the Term of Informed Consent, and the Term of Informed Assent was read to all participants who agreed to participate.
The computer monitor was positioned so that the center of the screen was placed at a distance corresponding to the maximum range of each participant. Peak range is an anthropometric measurement that consists of determining a hypothetical axis of the upper limb centered at the shoulder joint and from this point a ray, equal to the length of the upper limb, is drawn 15, 16 to ensure that all the participants had access to the target when they used the touch screen.
For this study, three input devices were used: mouse, touch screen and Tobii PCEye GO eye tracking mouse, which were used during activities in the software Discrete Aiming Task v.2.0, Tracking Task v.2.0 and Single Switch Performance Test (SSPT).
The eye tracking mouse was calibrated for each participant, before starting data collection. Then, each child practiced, for at least three days, the activities proposed in the software Discrete Aiming Task v.2.0, Tracking Task v.2.0 and Single Switch Performance Test (SSPT), with the three types of input devices, mouse, eye tracking mouse Tobii PCEye GO and touch screen.
In the Discrete Aiming Task software, the participant performed the task of clicking inside two thin plates, alternately. The total number of two clicks to perform the task was stipulated, and the total time to perform
Procedures for data collection
For data collection, each participant was positioned in a chair with adequate posture that favored gazing the monitor of a touch screen notebook, which was placed on a stand on the table in front of them. The height of the table, the distance of the monitor from the participant's head, and the angle of the notebook stand were measured to ensure that all interventions occurred in the same position. Regarding the positioning, each participant was accommodated in an adapted chair so that the hip, knees and ankles were at 90°, and a table with semicircle cutout was placed in front of them, the table height was adjusted so that each participant did not make any excessive flexion of shoulders to support their upper limb.
Experimental Protocol
The dominant upper limb was positioned at a demarcated starting point on the table and the other limb rested on the table so as not to interfere with the movement of the dominant limb while performing the activity with the mouse and screen touching. The task was to activate the target on the computer screen as quickly as possible, in each specific task with each software.
Participant Age Sex GMFCS MACS Topographic Diagnosis Mouse Touch Screen
Eye Tracking the Dunn's Comparison test. To verify whether there was a relationship between the variables, severity level (GMFCS and MACS) and age, Spearman's Correlation test was used with the input devices. It was considered: r = 0.10 to 0.30 (weak); r = 0.40 to 0.6 (moderate); r = 0.70 to 1 (strong). Data were checked for normality using the Kolmogorov-Smirnov's test. For all tests, the significance level of 5% probability for rejection of the null hypothesis was adopted.
RESULTS
Results were presented in relation to the variables: 1) total response time; 2) frequency of errors; 3) mean time for activating the input devices; 4) relationship between satisfaction with the input devices and level of motor ability.
The total response time during the use of the Discrete Aiming Task v.2.0 software (p = 0.0479); (p = 0.0022) during the execution of SSPT activity and the frequency of errors during the use of the Tracking Task v.2.0 software (p = 0.0092) showed significant differences (Table 1) . the task was computed. In the Tracking Task software, the participant had to keep the mouse cursor inside a blue circle that changed direction several times in the computer screen for 10 seconds. For the Single Switch Performance Test (SSPT) software, the click was performed every time a yellow screen appeared on the computer.
Data collection was performed in one single day, previously scheduled. During data collection, the participant performed all the software tasks, previously trained. The order of execution was at random, by raffle, before each collection.
Data analysis procedures
A descriptive statistical analysis was performed through mean and standard deviation for the studied variables. For the variables total response time (s), frequency of errors during the execution of the task and mean time of activation, similarity between the groups was verified through the Friedman test for dependent samples. When there was a statistically significant difference, a two-to-two comparison was made using The comparison between the different devices indicated that there is a significant difference for: the variable total response time during the activation task executed in the Discrete Aiming Task v.2.0 when the touch and the eye tracking mouse were used; mean time of activation of the input devices during the execution of the activity with SSPT when comparing mouse and eye tracking mouse; and error frequency during the use of Tracking Task v.2.0 when comparing the mouse and eye tracking mouse and activation by touch and eye tracking mouse ( Table 2) . Spermann's test indicated a negative correlation between the level of motor ability and satisfaction with touch and mouse and a negative correlation between the level of manual ability (MACS) and satisfaction with the mouse (Table 3) . 
DISCUSSION
Results indicated that the eye tracking mouse has a positive effect on the performance of children with cerebral palsy, as the frequency of error was lower with the use of this device, on the other hand, the time to execute the task was longer. These results are similar to those found by other authors, who indicated that this technology contributes to independence in the execution of tasks, but the disabled user, as well as their teachers, caregivers and therapists need training 3, 14 .
The success of using eye tracking mouse when compared to the conventional mouse in target selection tasks in individuals with motor impairments can also be seen in the study by Mollenbach, Stefansson and Hanson. The authors concluded that for the tasks of navigating and searching the responses were indistinguishable, however, in target selection tasks, the eye tracking mouse was 16% faster than the traditional mouse 17 .
Satisfaction results also demonstrated that most participants seem to be satisfied with the touch screen and the eye tracking mouse, which corroborates the findings of other researchers 18 .
The results found in this study differ from the findings by Davies et al. who reported that most young people with CP still prefer the use of the conventional mouse commonly used to access the computer and the touch screen for targeting 6 . Although the eye tracker is not routinely available in the school, home, or therapeutic settings, the results indicated that this population could benefit from such devices.
Despite the greater efficiency and satisfaction with the use of the eye tracking mouse, when the frequency of error is referenced, users tended to perform activities more quickly when using the conventional mouse. This information seems to be related to the availability and training of conventional mouse use in different settings, although they are ineffective for this population.
CONCLUSIONS
Regarding the frequency of error during the execution of a computer task, children with cerebral palsy performed better with the use of input devices with the eye tracking mouse and the touch screen. However, in relation to the task execution time, the participants were more efficient using the conventional mouse. The results also indicated a negative correlation between participants' satisfaction and the use of the conventional mouse.
